Introduction
A thoracic aortic aneurysm TAA is characterized by the progressive fatal aortic dilation that results in a high mortality rate caused by vascular rupture. The rupture risk of TAA is proportionate to the aortic diameter 1 . The risk of rupture reportedly increased in aortic diameters 6 cm at the ascending aorta and 7 cm in the descending aorta 2 .
The decision of whether to surgically treat is based on TAA size, because patient operative risk for small aneurysms is higher than spontaneous TAA rupture 3 . In most cases, TAAs rarely cause any symptoms, making them difficult to detect. The risk factors of TAA are associated with sex, smoking, hypertension, and family history 4 . The histopathology of TAAs involve medial destruction, characterized by a loss of elastic fiber and vascular smooth muscle cells 5 .
There are no medical treatments to prevent the dilation and the rupture of TAAs. An abdominal aortic aneurysm AAA is the most common aneurysm type. The pathology of AAA is also characterized by destruction of the vascular structure due to chronic inflammation in the vascular wall. It is reported that atherosclerosis plays important role of AAA formation 6 . Atherosclerosis is characterized by the pathological events in intima-media of the aortic wall the accumulation of lipids and inflammatory cells . In contrast, aneurysm is characterized by the pathological events in media-adventitia of the aortic wall. Because pathological characteristics are different between AAA and atherosclerosis, the pathological events in AAA formation could be independent of those in atherosclerosis. Recently, it was reported that the abnormal appearance of adipocytes was observed in the vascular wall in both humans and in the animal model 7 9 .
Doderer et al. reported that adipocytes accumulation in the AAA wall were characteristically observed compared with the popliteal artery aneurysm PAA , in which rupture is rare 10 . Gabel et al. reported an adipogenic signature in the molecular fingerprint for terminal AAA 11 . The triglyceride in adventitia correlated with AAA diameter in AAA patients 8 . These studies suggest that the abnormal appearance of adipocytes in the vascular wall is one of the important pathological events associated with the rupture of AAA 12 . However, the absence of adipocytes in the PAA Key words: thoracic aortic aneurysm, adipocyte, inflammation, matrix metalloproteinase wall suggests that the appearance of adipocytes in the aneurysmal wall is not common pathology among aneurysms formed in different aortae. Therefore, it is speculated that the mechanisms of development, progression, or rupture of aneurysms could de different in different aortae. It is of interest to investigate the appearance of adipocytes in the TAA wall to consider the unknown mechanism of TAA rupture. However, whether adipocytes abnormally appear in the TAA wall remains unknown. In this study, we performed pathological analysis of the human TAA wall to investigate the relation between adipocytes in the vascular wall and TAA.
Experimental procedures 2.1 Sample collection
This study was approved by the Ethical Review Committee of the National Cerebral and Cardiovascular Center and Kindai University. Aortic tissue was collected from patient with TAA undergoing operation by artificial vessel replacement. Control thoracic aortic tissue was collected from surgical specimen. The specimens of the thoracic aortic wall were cut out for analyses, immediately frozen, and stored at 80 . Availability of specimen size was at least 20 5 mm.
Characteristic of patients are presented in Table 1 . The study subjects were patients with ascending aortic aneurysm or descending aortic aneurysm.
Histology
Aortic tissue cross-sections 10 μm thick were prepared using a cryostat CM1850; Leica Microsystems, Wetzlar, Germany and mounted on glass slides. Aortic walls were stained with Elastica van Gieson EVG , PicroSirius Red PSR , and Oil Red O stains, and immunohistochemical staining, and quantitative analysis of histological staining was performed using ImageJ software National Institutes of Health, Bethesda, Maryland, USA . Areas within 100μm of an adipocyte were defined as the area with adipocytes . The patency rate of vasa vasorum VV was calculated by dividing the lumen area by the entire area of VV and lumen.
Immunohistochemical staining
Aortic tissue sections were rinsed in phosphate-buffered saline PBS with 1 Triton-X100 and then incubated in 10 oxalic acid for 1 hour. For antigen activation, 0.1 trypsin in PBS was added to the tissue sections. Endogenous peroxidases in the tissue sections were blocked using 3 aqueous hydrogen peroxide in methanol for 8 minutes. After washing in PBS, the tissue sections were blocked with Blocking One Histo. The sections were incubated with the appropriate primary antibody overnight at 4 . The histological results from the aortic wall were assessed after staining using the following antibodies: rabbit anti-matrix metalloproteinase MMP -2 1:100; Thermo Scientific , goat anti-MMP-9 1:100; Santa Cruz Biotechnology, Inc. , and mouse anti-monocytes/macrophages Mac387 1:50; Bio-Rad Laboratories . On the following day, the sections were rinsed in PBS, and incubated with the appropriate , cleared in xylene, and covered with a lipid-soluble mounting medium and glass cover slips.
Statistical analysis
Values were expressed as mean S.D. Statistical differences were determined by the Mann-Whitney U-test and the Scheffe test. The P-value 0.05 was considered to indicate a statistically significant difference. Statistical analyses were performed using StatView 5.0 software SAS Institute, Cary, USA .
Results

Adipocytes in human TAA vascular wall
We previously demonstrated that adipocyte-like cells in human AAA wall were stained positively with peroxisome proliferator-activated receptor γ2 PPARγ2 , adipocyte marker 7 . Therefore, in this study, adipocyte-like Oil Red O staining positive cells in thoracic aortic wall were determined to be adipocytes. The appearance of adipocytes was mainly observed in the adventitia in both human control and TAA walls Fig. 1A -C . These regions of adipocyte cells stained positively with Oil Red O staining Fig. 1D-F . Adipocyte areas in the vascular walls were significantly increased in the TAA wall compared to the control wall Table 2 . Subsequently, collagen fibers were observed using PSR staining Fig. 1G-I . The collagen-positive area was significantly decreased in the TAA wall compared to the control wall Fig. 1J . In addition, the collagen-positive area was significantly decreased in the area with adipo- cytes, compared to the area without adipocytes, in the TAA wall Fig. 1J .
MMP expression and Mac387 monocytes/macro-
phages in the vascular wall Immunohistochemical examination showed the expression of MMP-2 and MMP-9 in both groups Fig. 2A-F . Areas positive for MMP-2 and MMP-9 were significantly increased in the TAA wall compared to the control wall Fig.  2J and 2K . In addition, areas positive for MMP-2 and MMP-9 were significantly increased in the area with adipocytes, compared to the area without adipocytes, in the TAA wall Fig. 2J and 2K . Subsequently, we performed immunostaining for Mac387 monocytes/macrophages Fig.  2G-I . Areas positive for Mac387 monocytes/macrophages were significantly increased in the TAA wall compared to the control wall Fig. 2L . In addition, areas positive for Mac387 monocytes/macrophages were significantly increased in the area with adipocytes, compared to the area without adipocytes, in the TAA wall Fig. 2L .
It has been reported that hypoperfusion of the vascular Table 2 Adipocyte area. wall occurs in human AAA tissue due to adventitial vasa vasorum VV arteriosclerosis 13 . However, VV stenosis was not observed in this experimental group in our study Fig.  3 .
Discussion
In this study, we observed the appearance of adipocytes in the vascular wall of human TAAs. Destruction of collagen fiber, and the increased positive areas for MMP-2, MMP-9, and macrophages were observed in the area around adipocytes in the vascular wall. These results are consistent with the pathology of human AAA, suggesting that the integrity of the vascular wall in the area surrounding adipocytes may be decreased compared to that in the area without adipocytes in human TAAs.
Recently, it was reported that the abnormal appearance of adipocytes was observed in the AAA wall 8, 10 . Previous studies showed that the increased number of adipocytes in the AAA wall is associated with the development and the rupture of AAA 8 16 . These reports suggest that vulnerable areas can be developed in the aneurysmal wall by the increased number of adipocytes. In this study, the degradation of collagen fibers and the increased expression of MMP-2 and MMP-9 surrounding the adipocytes were observed in the human TAA wall compared with the control wall Figs. 1 and 2 . The abnormal adipocytes that appeared can be associated with the weakening of the vascular wall in not only AAA but also TAA. The appropriate control of adipocytes in the vascular wall may prevent weakening of the vascular wall in TAA. TAA is divided into three parts: the ascending aorta, arch, and descending thoracic aorta. The mechanisms underlying the progression of TAA can be dependent on the part of aorta. It has been reported that the increased epicardial adipose tissue may lead to the ascending aortic dilation 17 . It is known that perivascular adipose tissue is associated with the vascular function, inflammation, and diseases 18 . In the ascending aorta, epicardial fat may be associated with the abnormal appearance of adipocytes. In this study, the effect of adipocyte accumulation, depending on the part of aorta, remains unknown and further studies are needed. We previously reported that hypoperfusion due to the obstruction of VV can induce AAA formation 8, 13, 19, 20 .
Hypoxic conditions, or undernutrition due to the obstruction of VV, can cause chronic inflammation and the appearance of adipocytes in the vascular wall, and the development of AAA. Under hypoxic conditions, human bone marrow-derived mesenchymal stem cells accelerate adipocyte differentiation, and hypoxia-inducible factor-1α and CCAAT/enhancer-binding proteins play important roles in the process of adipocyte differentiation 21 . However, in this study, the obstruction of VV was not observed in TAA walls Fig. 3 . The appearance of adipocytes in TAA may be independent of the obstruction of VV. The ectopic appearance of adipocytes in the TAA wall can be mediated by factors other than the obstruction of VV. However, further investigations are required to evaluate the obstruction of VV in the TAA wall because the number of tissue samples in this experiment is very small. 
Conclusion
This study is the first to show the appearance of adipocytes in not only the AAA wall but also the TAA wall. The abnormal appeared adipocytes can be associated with weakening of the vascular wall in TAA. However, whether the increased adipocytes in the aortic wall directly lead to the development or the rupture of TAA, and the mechanisms underlying the abnormal appearance of adipocytes in TAA wall remain unknown. Thus, further studies are needed.
